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SUMMARY 

An i nves t iga t ion  w a s  conducted i n   t h e  Langley 4- by 7-Meter Tunnel t o  provide a 
detai led  s tudy of wing p res su re   d i s t r ibu t ions  and forces   and moments a c t i n g  on a 
highly swept  arrow-wing model a t  l o w  Mach numbers (0 .25 ) .  A l imi t ed   i nves t iga t ion   o f  
t h e   e f f e c t  o f   spoi le rs  a t  s eve ra l   l oca t ions  w a s  a l s o  conducted. 

Analysis  of  the  pressure  data shows tha t   for   the   conf igura t ion   wi th   undef lec ted  
leading  edges,   vortex  separation  occurs on the  outboard wing panel   for   angles  of 
a t t a c k  on the  order  of  only 3O, whereas  conventional  leading-edge  separation  occurs 
a t  a nondimensional  semispan  station  of 0.654 f o r   t h e  same incidence  angle. "he 
pressure da ta   fu r the r  show t h a t   v o r t e x   s e p a r a t i o n   e x i s t s   a t  wing s t a t i o n s  more 
inboard   for   angles  of a t t ack  on the   o rder  of 7 O  and t h a t   t h e s e   v o r t i c e s  move inboard 
and  forward  with  increasing  angle  of  attack. The force  and moment da ta  show t h e  
expec ted   nonl inear   increments   in   l i f t  and p i t ch ing  moment and the   increased   drag  
associated  with  the  vortex  separat ion.  

The p res su re   da t a   con f i rm  tha t   de f l ec t ing   t he   en t i r e  wing leading  edge  uniformly 
t o  30° i s  e f f e c t i v e   i n   f o r e s t a l l i n g   t h e   o n s e t  of  flow  separation to   ang le s   o f   a t t ack  
grea te r   than  8.6O. The corresponding  force  and moment da ta  show t h a t   d e f l e c t i n g   t h e  
leading  edge  yields  improvements i n   l i f t  and  pitching-moment l i nea r i ty   w i th  marked 
improvements in   d rag   charac te r i s t ics .   Prev ious   inves t iga t ions   have   ind ica ted   tha t   in  
th i s   def lec ted   condi t ion ,   the   inboard   por t ion  of the  leading  edge i s  overdeflected 
a n d   r e s u l t s   i n  a l i f t  decrement  and a drag  increment. The pressure  data   confirm  that  
w i t h  30° deflection,  the  inboard  portion  of  the  leading  edge i s  overdeflected.  The 
i n v e s t i g a t i o n   f u r t h e r   i d e n t i f i e s   t h e   c o n t r i b u t i o n  of t h e   t r a i l i n p e d g e   f l a p   d e f l e c -  
t i o n   t o   t h e  leading-edge upwash f i e l d .  

Spoilers located  ahead of the  trail ing-edge  f lap  system  produce  substantial  
reduct ions i n  l i f t  and posit ive  increments i n  p i t ch ing  moment which accompany t h e  
increase  in   drag.  However, a spoi le r   loca ted   ou tboard   o f   the   t ra i l ing-edge   f lap  
system w a s  e f fec t ive   in   p roducing   equiva len t   increases   in   d rag   wi th   on ly  a minimal 
e f f e c t  on l i f t  and p i t ch ing  moment. 

INTRODUCTION 

This inves t iga t ion  i s  p a r t  of  an ove ra l l   r e sea rch   e f fo r t  by the  Nat ional  
Aeronautics  and  Space  Administration (NASA) t o   i n v e s t i g a t e   t h e  aerodynamic  character- 
istics of  advanced aircraf t   concepts   designed  for   sustained  cruise  a t  supersonic 
speeds. To achieve  high  levels of supersonic-cruise   eff ic iency,  many of t hese  con- 
ceptual   designs employ highly  swept,  twisted,  and cambered arrow  wings. (See r e f s .  1 
and 2.) Such des igns   typ ica l ly   incorpora te  a reduced sweep on t h e   o u t e r  wing panel,  
which i s  in t ended   t o   a l l ev ia t e   de f i c i enc ie s   i n   subson ic  aerodynamic  performance, 
s t a b i l i t y ,  and  control. However, exper imenta l   resu l t s   ind ica te   tha t   these   subsonic  
aerodynamic de f i c i enc ie s  are t h e   r e s u l t  of  f low  separation  along  the  entire  leading 
edge  and  that  reducing  the  outboard-panel sweep i s  only   par t ia l ly   e f fec t ive .   Prev i -  
ous  experiments  with  highly swept wings  have  demonstrated par t ia l   success   in   deve lop-  
ing  leading-edge  treatments which are   effect ive  for   inhibi t ing  leading-edge  f low 
separat ion.   (See  refs .  3 t o  8.)  These experiments were conducted  with  models  of 
supersonic-cruise   configurat ions which had  wings  with  representative  thickness, 



t w i s t ,  and camber d i s t r i b u t i o n s ,   i n   a d d i t i o n  t o  deflectable  leading-edge  devices. 
For th i s   r ea son ,   t he   s epa ra t e   e f f ec t s  of these  geometric  variables on leading-edge 
f l o w  s epa ra t ion   a r e   no t  w e l l  understood. 

The primary  objective of the   inves t iga t ion   repor ted   here in  was t o  provide a 
de ta i led   s tudy  of  wing p res su re   d i s t r ibu t ions  and  forces  and moments a c t i n g  on a 
highly swept arrow-wing  model. The da ta  were obtained t o  aid i n  understanding  the 
e f f e c t s  of  leading-edge  deflection. To provide a more fundamental  experiment  than 
those  previously  conducted,  the wing  used i n   t h i s   i n v e s t i g a t i o n  had a representa t ive  
th i ckness   d i s t r ibu t ion  and ne i the r  t w i s t  nor camber were incorporated.  The r e s u l t s  
of   th i s   s tudy  are intended  to   provide a base  l ine  for   future   assessments  of var ious 
leading-edge  geometries  and for   determinat ions of t h e   d e t a i l e d   e f f e c t s  of t w i s t  and 
camber. 

In  addition  to  the  primary  concern  with  leading-edge  f low  separation,  the  inves- 
t i g a t i o n  also included a limited study of t h e   e f f e c t s  of spoi le r   loca t ion .   Spoi le r  
l oca t ions  which resu l t   in   increased   drag   wi th  minimum change i n   l i f t  and p i t ch ing  
moment are of i n t e r e s t .  Deployment of spo i l e r s   i n   t hese   l oca t ions  would be use fu l  
for   obtaining  s teeper   landing-approach  angles   (and  thereby  potent ia l   reduct ions  in  
community-noise exposure). 

SYMBOLS 

The long i tud ina l   da t a   a r e   r e f e r r ed  t o  t h e   s t a b i l i t y  system of a x e s   i l l u s t r a t e d  
i n   f i g u r e  1. The moment re ference   cen ter   for   the  tests w a s  l o c a t e d   a t  59.16 percent  
of the  reference mean aerodynamic  chord. The re ference  wing area and  chord are based 
on t h e  wing planform which r e s u l t s  from extending  the  inboard (740)  leading-edge 
sweep angle  and the  outboard (41.46O) t ra i l ing-edge  sweep ang le   t o   t he  model cen te r  
l i n e .  (See f i g .  2.) 

The dimensional  quantit ies are given i n  bo th   t he   In t e rna t iona l  System  of  Units 
(SI )   and   the  U.S. Customary Units. The computer symbols enclosed   in   paren theses  are  
used i n  a t a b u l a r   l i s t i n g  of d a t a   i n   t h e  appendix. 

A 

b 

CD 

'D, 0 

cL 

C 
La 

cm 

cP 

C 

- 
C 

2 

a s p e c t   r a t i o  

wing span, m ( f  t)  

(CD) drag   coe f f i c i en t ,  Drag/qSref 

d r a g   c o e f f i c i e n t   a t   z e r o - l i f t   c o n d i t i o n  

(CL) l i f t   c o e f f i c i e n t ,  Lif  t/qSref 

= ac,/aa 

( CPM) pitching-moment coe f f i c i en t ,   P i t ch ing  moment/qS - 
r e f C  

p res su re   coe f f i c i en t ,  (p - poD)/q 

chord  length a t  wing  span s t a t i o n   y ,  m ( f t )  

mean aerodynamic  chord, m ( f t )  



P s t a t i c   p r e s s u r e ,  Pa ( lbf  /f  t2 1 

9 f ree-stream dynamic pressure  , Pa ( lb f / f  t2) 

PC0 f ree-stream s t a t i c   p r e s s u r e ,  Pa ( lb f  /f t2 ) 

S leading-edge  suction  parameter 

'ref reference wing area, m2 ( f t 2 )  

spoiler elements (see f i g .  3) 

( ALPHA) 

t ra i l ing-edge  f lap  e lements  (see f ig .   3)  

body-axis  system 

coord ina te s   i n  body-axis  system, m ( f t )  

angle of a t tack,   deg 

spanwise  distance from center line  nondimensionalized by 
l o c a l  wing semispan 

increment 

angular   def lec t ion  of  wing t r a i l i n g - e d g e   f l a p  segments t l  and 
t3, measured  perpendicular t o   h i n g e   l i n e ,   p o s i t i v e  downward, 
deg (see f i g .  3) 

angular   def lec t ion  of wing leading  edge,  measured  perpendicular  to 
h inge   l ine ,   pos i t ive  downward, deg (see f ig .  3) 

angular   def lect ion of s p o i l e r  segment,  measured perpendicular   to  
segment h inge   l i ne ,   pos i t i ve  upward, deg (see f ig .  3) 

d i s t a n c e   a f t  of leading  edge,  nondimensionalized by local   chord 
length  

d i s t a n c e   a f t  of wing apex,  nondimensionalized by wing root  chord 

Abbreviations: 

L . E .  leading  edge 

T.E. t r a i l i n g  edge 

MODEL 

The p r inc ipa l   d imens iona l   cha rac t e r i s t i c s  of t h e  model used i n   t h e   p r e s e n t   s t u d y  
a r e   l i s t e d   i n   t a b l e  I and shown i n   f i g u r e s  2 and 3. In   add i t ion ,  a l i s t i n g   o f   t h e  
computer ca rds   r equ i r ed   fo r  a numerical model is given i n  table 11. The format   for  
t h e   l i s t i n g   p r o v i d e d   i n   t a b l e  I1 i s  desc r ibed   i n   r e f e rence  9. A photograph  of  the 
model i n   t h e  Langley 4- by 7-Meter Tunnel is  p r e s e n t e d   i n   f i g u r e  4. 
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The model incorporated a high-lif t   system  comprised  of  plain  leading- and 
t r a i l i ng -edge   f l aps  (see f i g .  2) ;  however, t h e  model d id   no t   i nco rpora t e   e i t he r  
nace l l e s  or an a f t   f u s e l a g e .  Spoilers were simulated by us ing   shee t  metal as 
sketched  in   f igure 3. 

TEST AND CORRECTIONS 

The inves t iga t ion  w a s  conducted i n   t h e  Langley 4- by 7-Meter Tunnel a t   s u b s o n i c  
speeds.  Forces  and moments were measured  with a s tandard  six-component strain-gage 
balance mounted i n t e r n a l   t o   t h e  model.  Wing-surface s ta t ic  pressures  were measured 
by using  48-port  scanning  valves  also mounted i n t e r n a l  t o  t h e  model. The tests were 
conducted a t  a dynamic pressure  of 4309.2 Pa (90 l b f / f t  1.  This  value  of dynamic 
p r e s s u r e   r e s u l t e d   i n  a Reynolds number (based on t h e  wing mean aerodynamic  chord)  of 
4.8 x 10 a t  a  corresponding Mach number of 0.25. The angle  of attack  ranged  from 6 

about -4O to  16O. 

2 

Jet-boundary  corrections t o   t h e   a n g l e  of   a t tack  and  drag were appl ied  in   accord-  
ance  with  reference 10. Blockage co r rec t ions  were app l i ed  t o  t h e   d a t a  by t h e  method 
of   reference 11. Balance  chamber pressure  and model base   p re s su re  were measured  and 
the   d rag  measurements were ad jus t ed  t o  correspond to   cond i t ions   o f   f r ee - s t r eam  s t a t i c  
pressure   ac t ing   over   the   base   o f   the  model. 

In  accordance  with  the method  of reference 12, 0.16-cm-wide (0.0625-in.)  transi- 
t i o n  strips of N o .  70 carborundum gra ins  were placed 3.81 cm ( 1 . 5   i n . )   a f t  of t h e  
leading  edges of t h e  wing  and outboard   ver t ica l  ta i ls .  S imi la r ly ,  No .  80 carborundum 
gra ins  were placed 3.81 cm ( 1.5 in .  ) a f t  of t he  model nose. 

F!ESULTS AND DISCUSSION 

The p resen t   i nves t iga t ion  w a s  in tended t o  examine t h e  wing  flow f i e l d  and t h e  
d e t a i l e d   e f f e c t s  of leading-edge  def lect ion  for  a highly swept arrow-wing  configura- 
t ion.   In   addi t ion,  a l imi t ed   i nves t iga t ion  of the   e f fec t   o f   spoi le r   p lacement  was 
conducted.  Experimentally  measured  force  and  pressure data were a l s o  compared with 
t h e o r e t i c a l   p r e d i c t i o n s   f o r  some cases.  A r u n  schedule   and   a   t abular   l i s t ing   o f  data 
(see t a b l e s  AI and A I I ,  respect ively)   are   provided  in   the  appendix.  

Configuration With Undeflected  Leading Edge 

The experimental   longitudinal  aerodynamic  characterist ics of t he  basic configu- 
ra t ion  with  undeflected  leading  and  t ra i l ing  edges are p resen ted   i n   f i gu re  5. A l s o  
presented  for  purposes of  comparison are t h e o r e t i c a l   l i f t  and  pitching-moment  charac- 
teristics computed by us ing   a   p lanar   vor tex- la t t ice   theore t ica l  model. Reference 13 
presents  a discussion of the  par t icular   vortex-lat t ice   mathematical  model and com- 
pu te r  code  used for   the   theore t ica l   p red ic t ion .   Prev ious   s tud ies   ( re f .   7 )  have  used 
a vo r t ex - l a t t i ce  model i n  an attempt to   p red ic t   the   aerodynamic   charac te r i s t ics   for  
conditions  with separated vortex  flows. However, the   under ly ing   in ten t  of the  pres-  
en t  work is toward  the  a t ta inment   of   a t tached  f low  and,   therefore ,   the   theoret ical  
r e su l t s   p re sen ted  are representa t ive  of the  attached-flow  condition. A s  expected, 
the  experimental l i f t   d a t a   a t  low-angle-of-attack  attached-flow  conditions  agree well 
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w i t h   t h e   t h e o r e t i c a l   p r e d i c t i o n s   e . g .  , C 
La 

i e s   ( r e f .  6 ) ,  t he   t heo re t i ca l   p red ic t ion   o f   t he   p i t ch ing -omen t   cha rac t e r i s t i c s  i s  
n o t   q u i t e  as accura te .   Analys is   o f   the   exper imenta l   da ta   ind ica tes   tha t   the   conf igu-  
r a t i o n   n e u t r a l   p o i n t  i s  a t  0.548;, whereas t h e   t h e o r e t i c a l l y   p r e d i c t e d   l o c a t i o n  is  a t  
0.534;. This lack  of  agreement  between  theoretical  and  experimental  pitching-moment 
c o e f f i c i e n t s  arises because   o f   the   inabi l i ty   o f   the   vor tex- la t t ice  models t o   p r e d i c t  
de t a i l ed   l oad   d i s t r ibu t ions   accu ra t e ly   fo r   h igh ly   swep t  wings.  Since t h e  model i s  
symmetrical ,   the  small   nonzero  values of CL and Cm a t  a = 00 are a t t r i b u t e d  t o  
experimental   inaccuracies.  The non l inea r   i nc rease   i n   t he   expe r imen ta l   va lues   o f  CL 
and cm wi th   increas ing  a ,  which  occurs  for a > 2 O ,  i s  caused by the   format ion  of 
wing  vort ices   and  the stall  of  the  outboard  wing  panel, as has   been   d i scussed   in  
references 4, 5, and 7 .  Two t h e o r e t i c a l  bounding  drag  polars   are   a lso  presented 
which  correspond t o  the   fo l lowing   condi t ions :   (1)  minimum induced  drag  (100-percent 
leading-edge  suction)  and ( 2 )  f u l l  leading-edge  separation  (0-percent  leading-edge 
suc t ion ) .  These  drag  polars are def ined   for   condi t ion   (1)  as 

( = O o o 3 7  
. However, as in   p rev ious   s tud-  

CD = c + c;/m 

and fo r   cond i t ion  ( 2 )  a s  

CD = c 
D,o + CL tan(CL/cLa) 

Equations ( 1 )  and ( 2 )  are p resen ted   he re in   t o   pe rmi t   t he  aerodynamic  performance t o  
be  quant i f ied.  The leading-edge  suction  parameter S can  be  wri t ten  as   (see ref .  14 
f o r  a comprehensive  discussion  of  leadinyedge  suction) 

where i s  the   theore t ica l   va lue   de te rmi  
cL a 

ned t o  be 0.036,  and t h e  z e r o   l i f t - d r a g  

c o e f f i c i e n t  CD,o i s  experimental ly   determined  for   the  present  tests t o  be 0.0090. 
The quan t i ty  C t a n  C /C has  been  used in   p l ace   o f   t he  more customary cL t a n  a .  

This w a s  done t o   p r o v i d e  a common b a s i s   f o r  comparison. U s e  o f   the   quant i ty  
C t a n  a i s  of ten   mis leading  when vortex  separat ion  occurs .  For the   type   o f   vor tex  
sepa ra t ion   occu r r ing   w i th   t he   p re sen t  model, the   angle   o f   a t tack  a t  which a par t icu-  
l a r   v a l u e  of CL i s  achieved is  dependent   on  the  intensi ty   of   the   separated  vort i -  
ces. Therefore, when considering  leading-edge  devices which are p a r t i a l l y   e f f e c t i v e  
in   r educ ing   vo r t ex   s epa ra t ion ,   d i f f e r ing   va lues   o f  C t a n  a are obtained. Thus, i f  
t h i s   q u a n t i t y  i s  used t o   d e f i n e  S, a common b a s i s   f o r  comparison  does  not  exist. 

L ( 
L 

L 

Figure 6 p re sen t s  a comparison  of  data  from  figure 5 fo r   t he   un twi s t ed ,  uncam- 
bered  wing  with  data  from  reference 7 f o r  a geometrically similar wing  which i s  

5 



twisted  and cambered  and a l s o  employs  geometric  anhedral. The increment i n  CL a t  
a = Oo is found  experimentally t o  be 0.082, and   the   increment   in  Cm a t  zero lift 
i s  0.012. The co r re spond ing   va lues   ob ta ined   fo r   t he   vo r t ex - l a t t i ce   t heo re t i ca l  model 
are 0.0835 and 0.0167, respec t ive ly .  For t h e  limited range  of a over which f u l l y  
a t tached   f low  ex is t s   on   the   twis ted   and  cambered  wing (i .e. , -20 < a < 20) ,   t he  
s ta t ic  long i tud ina l   s t ab i l i t y   pa rame te r  aCm/aCL is, as expected,  unaffected by 
t w i s t  and camber.  Comparison of  the  experimental   drag polars shows t h a t   t h e   e f f e c t  
of t w i s t  and camber i s  qui te   favorable .  

Figure 7 presents   the  measured  and predicted  chordwise  pressure  dis t r ibut ions 
along  the  four   semispan  s ta t ions  i l lustrated  in   f igure 2. These p res su re   d i s t r ibu -  
t i o n s  are presented   for   e igh t   angles  of a t t ack   ( f ig .   7 )  and are compared with  theo- 
r e t i c a l  estimates ca lcu la ted  by using a potent ia l - f low  surface-panel   representat ion 
of  the  configuration.  (See  ref.  15 f o r  a descr ip t ion  of the  surface-panel  computer 
code.) As shown a t  the  lowest  angle of a t t ack  ( a  = 0.870),  the  agreement  between 
theory  and  experiment is  good. However, as the  angle  of a t t a c k  is increased t o  only 
a = 2.96O, the  measured pressure   d i s t r ibu t ions   ind ica te   f low  separa t ion  a t  the  non- 
dimensional wing  semispan s t a t i o n s  of 0.654 and 0.862. As a is  fur ther   increased,  
it becomes apparent   tha t   the   separa t ion   a t   y / (b /2)  = 0.862 is t y p i c a l  of a vortex 
separat ion;  whereas  inboard a t  y/(b/2) = 0.654, p l a in   s epa ra t ion  is in  evidence. As 
a is  still fur ther   increased  t o  a 2 6.99O, vor tex   separa t ion  is evidenced a t  
y/(b/2) = 0.425. This  vortex-separation phenomenon is a l so   obse rved   a t  
y/(b/2) = 0.174 f o r  a > 9.05O. To aid i n   t h e   i n t e r p r e t a t i o n  of these   da ta ,   f ig -  
ure  8 presents  corresponding  experimental   spanwise  pressure  distributions measured 
along  the wing-body s t a t i o n s   i n d i c a t e d   i n   f i g u r e  2. Based on the  data  of f igu res  7 
and 8, the  spanwise  and  chordwise  locations of the   vor tex  cores can  be  approximated. 
These r e su l t s   a r e   p re sen ted   a s  a funct ion of a i n   t a b l e  111 and are   ske tched   in  
f i g u r e  9. “he xy-planar  location of the   vor tex  which  forms on the  outboard  panel 
f o r  a > 0.87O is relat ively  independent  of a. By con t ra s t ,   t he   vo r t ex  which forms 
on the  inboard  port ion of t he  wing f o r  a 2 2.96O apparent ly  moves inboard and for-  
ward with  increasing a. It is s i g n i f i c a n t   t o   n o t e   t h a t   t h e   f l o w  a t  s t a t i o n  
y/(b/2) = 0.654 is separated for  a l l   a n g l e s  of a t t ack   g rea t e r   t han  2.96O. Although 
the   de t a i l ed  mechanism is not  understood,  the  plain  f low  separation  observed a t  
y/(b/2) = 0.654 is thought   to   be   re la ted   to   the   inboard  wing  crank where the  sweep 
changes  from 74O t o  70O. This  flow  separation  might  be  thought t o  be r e l a t e d   t o   t h e  
ou tboa rd   ve r t i ca l   f i n ;  however, previous  experiments  have shown that   the   outboard 
ve r t i ca l   f i n   he lps   t o   con ta in   t he   s epa ra t ed   r eg ion  and  prevents it from spreading t o  
the  outboard wing panel. 

Configuration With Deflected  Leading Edge 

Previous  experimental   investigations (see r e f s .  5 and  7)  have shown t h a t  
de f l ec t ing   t he   en t i r e   l ead ing  edge r e s u l t s   i n  a s ign i f icant   reduct ion   in   f low  separa-  
t i o n  and delays  the  onset  of vortex  formation  to   higher   angles  of a t tack .  These 
f low-f ie ld   changes   resu l t   in  improved  performance  and a reduct ion  in   pi tch-up.  The 
inves t iga t ion  of reference 5, which was limited to  consideration  of  uniformly 
def lected  leading-edge  condi t ions,   indicated  that  6 = 3O0 w a s  the   p refer red   angle  
for  the  leading-edge  deflections  considered. However, t he   s tudy   a l so   i nd ica t ed   t ha t  
for   this   uniformly  def lected  condi t ion,   the   inboard  port ion of leading  edge may have 
been  overdeflected  and,  hence, d i d  not  provide optimum performance.  Based on t h i s  
r e s u l t ,  a continuously warped leading  edge was devised t o  align the  leading edge with 
t h e  incoming  flow  along  the  entire  span.  (See  ref.  7.)  Although  successful from  an 
aerodynamic  viewpoint,  the  mechanical  complexity  associated  with  implementing  the 
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continuously warped leading  edge may  make the  uniformly  deflected  leading  edge a more 
viable  concept. 

Figure 10 p r e s e n t s   t h e   e f f e c t  of  leading-edge  deflection on the   longi tudina l  
aerodynamic charac te r i s t ics   ob ta ined   for   the   p resent   un twis ted ,  uncambered  model. As 
has been previously  reported  for  the  twisted  and cambered configurat ion (see r e f .   5 ) ,  
deflecting  the  leading  edge  through 300 extends  the  l inear   region of the   p i tch ing-  
moment coe f f i c i en t  t o  approximately a = 100 and r e s u l t s   i n   s u b s t a n t i a l   r e d u c t i o n s  
i n  induced  drag. However, t h i s   b e n e f i c i a l   e f f e c t  is  accompanied by a r e d u c t i o n   i n  
the  vortex-l i f t   increment .  

The leading-edge  suction parameter S (see eq. ( 3 ) )  is p resen ted   i n   f i gu re  11 
f o r  = Oo and  30°.  These r e s u l t s  are compared with  corresponding  resul ts   for   the 
twis ted  and  cambered  wing as publ i shed   in   re fe rence  7. These  data show tha t   bo th  
t w i s t  and camber with  leading-edge  def lect ion  resul t   in  marked  improvements i n  
leading-edge  suction  or  correspondingly  reduced  drag.  (For a representa t ive  climb 
l i f t   c o e f f i c i e n t ,  such as CL = 0.4, a 1-percent  increase  in S is equivalent  t o  a 
reduct ion   in  CD of   0 .00052.)   Furthermore,   these  resul ts   indicate   that   the   effects  
of t w i s t  and camber with  leading-edge  deflection,  al though  not  l inearly  additive,  are 
favorable  i n  combination. 

Pressure  data   for   the  untwisted,  uncambered configuration  with 6,, = 30° are 
p resen ted   i n   f i gu re  12. A summary of t h e   i n t e r p r e t a t i o n  of these  data  1 s  provided  in  
t a b l e  IV. It should be noted   tha t   the   p ressure   d i s t r ibu t ions   p resented   in   f igure  12 
show the   ex is tence  of suction  peaks on the  f lap  shoulder .  These suction  peaks  occur 
a s  a r e s u l t  of the  increased  curvature  produced by s imply  def lect ing  the  leading 
edges   about   the   h inge   l ine   i l lus t ra ted   in   f igure  2. 

For a = 2.5 lo ,   t he   da t a  of f i g u r e  12 ( a )  show t h a t   t h e   e n t i r e   l e a d i n g  edge i s  
overdeflected and t h a t  it experiences an  upper-surface  stagnation  point. The da ta  
fu r the r  show tha t   fo r   y / (b /2 )  = 0.174, the  30°-deflected  leading edge  remains  over- 
de f l ec t ed   fo r  a < 4.550, but it appears  to  al ign  with  the  incoming  f low  for 
a = 6.64O.  The pressure   da ta   fur ther   ind ica te   tha t   wi th  6 = 30°, t he   s epa ra t ion  
problem  previously  discussed  for  the wing semispan s t a t i o n s  of 0.654  and 0.862 ( f o r  
6 = O o )  i s  postponed t o  a 8.59O. These r e s u l t s   a r e   i n  good agreement  with  qual- 
i f%tive  resul ts  from previous  invest igat ions  for   the  twisted  and cambered  wing. In  
pa r t i cu la r ,   i n   r e f e rence  7, it was repor ted   tha t   for   the   conf igura t ion   wi th  
6 = 30°,  flow  separation was f i r s t  observed  for a = 8 O  and  occurred  outboard a t  
y}?b/2) = 0.5. 

le 

Ef fec t  of Trailing-Edge  Flap  Deflection 

Previous  investigations  have shown a strong  aerodynamic  interaction between 
leading-  and  trailing-edge  systems.  For example, reference 5 ind ica t ed   t ha t   t he  
improvements i n   t h e  wing flow f i e l d ,  which r e s u l t  from leading-edge  def lect ion,   are  
accompanied by inc reased   t r a i l i ng -edge   f l ap   e f f ec t iveness .  The e f f e c t  of t r a i l i n g -  
edge f l ap   de f l ec t ion  w a s  examined i n   t h e   p r e s e n t   i n v e s t i g a t i o n  t o  explore  optimiza- 
t i o n  of the  high-lif t   system  comprised of both  leading-  and  trail ing-edge  f laps.  For 
this   experiment ,   the   t ra i l ing-edge  f lap  system w a s  l i m i t e d   t o  segments t l  and t3 
as   ske t ched   i n   f i gu res  2 and 3. It should  be  noted  that   previous  studies  have 
included  another  f lap segment located  just   inboard of the   ou tboard   ver t ica l   f ins  (see 
ref .   5)  as p a r t  of t he   t r a i l i ng -edge   f l ap  system;  however, i n   r ecogn i t ion  of lateral- 
control  requirements (see r e f .   1 6 ) ,   t h i s  segment is now considered as a dedicated 
a i le ron .  
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Figure 13 p resen t s   t he   l ong i tud ina l  aerodynamic c h a r a c t e r i s t i c s  of the   p resent  
conf igura t ion   wi th   t ra i l ing-edge   f lap   def lec t ion  as a parameter. For increas ing  
values  of CL, improvements i n  untrimmed  performance  -in terms of l i f t - d r a g   p o l a r s  are 
achieved  with  increased  t ra i l ing-edge  def lect ion  for  0 < Sf C 20°. In   pa r t i cu la r ,  
a t  nominal.  take-off  and  climb l i f t   c o e f f i c i e n t s  of CL = 0.4, a f l a p   d e f l e c t i o n  of 
6, = 10" r e s u l t s  i n  the  lowest untrimmed  drag.  Furthermore, for   va lues  of 
6, greater than 200, the  performance is seen t o  be  degraded  (fig.  13(b)) for  the  
en t i re   range  of l i f t   c o e f f i c i e n t s   c o n s i d e r e d .  

The increment  in l i f t  produced by t r a i l i ng -edge   de f l ec t ion   ( fo r   t he   l i nea r  
region of CL p l o t t e d   a g a i n s t  a) is summarized i n   f i g u r e  14. Also presented   for  
purposes  of  comparison is the   t heo re t i ca l ly   p red ic t ed   va r i a t ion   o f  ACL with 6,. 
A s  can  be  seen,  the  experimental   f lap  effectiveness is l i n e a r   f o r  6, < 20° and is  
approximately  83  percent   of   the   theoret ical   resul t .  For f l a p   d e f l e c t i o n s  above 
6, = 200, the  experimental  increment  in CL becomes nonl inear .  The o v e r a l l   t r e n d  
fo r   t r a i l i ng -edge   f l ap   e f f ec t iveness  as p resen ted   i n   f i gu re  14 is  similar t o   t h a t  
determined f o r   t h e  twisted and  cambered  wing.  (See r e f .  16.) The v a r i a t i o n  of Cm 
with  respect t o  a shown i n   f i g u r e  13 i n d i c a t e s   t h a t   t h e   o n s e t  of  pitch-up  occurs a t  
lower angles of a t t ack   a s   f l ap   de f l ec t ion   i nc reases .  This r e s u l t  w a s  observed  in 
reference 5 where it w a s  hypothes ized   tha t   the   increased   c i rcu la t ion  accompanying 
t ra i l ing-edge  def lect ion  resul ts   in   increased  leading-edge  separat ion  and/or   vortex 
formation. 

Deta i led   p ressure   d i s t r ibu t ions   a re   p resented   in   f igure  15 f o r   t h e  model with 
the   var ious   t ra i l ing-edge   f lap   condi t ions   inves t iga ted .  The t w o  inboard  chordwise 
pressure  rows (i.e.,  y/(b/2) = 0.174 and  0.425) are approximately  centered on t h e  
trailing-edge  segments t and t3. ( See f ig .  2. ) Pressure   da ta   ob ta ined   for   these  
inboard  semispan  stations  clearly show the  upper-surface  suction  peaks  associated 
with  s imply  def lect ing  the  t ra i l ing  edge  about   the  hinge  l ine.  Most important, how- 
ever ,   the   da ta  show t h a t   t h e  leading-edge  flow f i e l d  a t  t h e  two inboard   s ta t ions  is 
essent ia l ly   unaf fec ted  by the   de f l ec t ion  of segments t l  and t3, b u t   t h a t   t h e  
leading-edge  flow f i e l d  a t  t he  t w o  outboard  s ta t ions (i.e.,  y/(b/2) = 0.654 and 
0.862) is s igni f icant ly   in f luenced .  For example, a t  y/(b/2) = 0.862 ( f i g . l 5 ( d )  1, 
the   p ressure   da ta  show tha t   de f l ec t ing   t he   t r a i l i ng -edge  segments tl and t3 from 
bf = 00 t o  30° resul ts  i n  a pressure d i s t r i b u t i o n  which is  e q u i v a l e n t   t o   t h a t  
obtained by increas ing  a approximately 2 O .  The f ac t   t ha t   de f l ec t ing   t r a i l i ng -edge  
f l a p  segments t l  and t3 r e s u l t s   i n  an increased upwash f o r   t h e   p o r t i o n  of the  
wing outboard of  segments t l  and t3 is no t   su rp r i s ing  when the  spanload  dis t r ibu-  
t i o n   i n   t h e   T r e f f t z   p l a n e  is considered. 

Optimization of the  High-Lift System 

The resul ts  of t h e   p r e c e d i n g   s e c t i o n   i n d i c a t e   t h a t   f o r   v a l u e s  of CL on t h e  
order  of 0.4 ( i . e . ,   t yp ica l   c l imb  CL), t he   con f igu ra t ion   w i th  = 30° achieves 
the   l owes t  untrimmed drag  with 6, = l o o .  However, i t  shou ld   be   no ted   t ha t  t h i s  
leading-edge  deflection ( 6  = 30° ) was se l ec t ed   based   on   p rev ious   s tud ie s   fo r  which 
6 ,e w a s  var ied   whi le   the   t ra i l ing   edge   remained   undef lec ted  (i .e. , 6 = O o  1. Fur- 
thermore ,   as   po in ted   ou t   in  a p r i o r   s e c t i o n ,   d e f l e c t i o n  of t h e   t r a i l i n g  edge w i l l  
a l t e r  the   l ead ing -edge   f l ow  f i e ld   t o  some extent .   Therefore ,   the   high-l i f t   condi-  
t i on ,   cons i s t ing  of 6,, = 30 O and 6, = l o o ,  would no t   necessa r i ly   be   t he  optimum. 
To help  def ine  the  best   combinat ion  of  6 ~= and 6,, a b r i e f   i n v e s t i g a t i o n  w a s  
conducted i n  which the  1eading.edge  def lect ion w a s  v a r i e d   w h i l e   t h e   t r a i l i n y e d g e  
de f l ec t ion  was he ld   cons tan t  a t  6, = IOo. Figure 16 p r e s e n t s   t h e   l o n g i t u d i n a l  
aerodynamic c h a r a c t e r i s t i c s  of the   conf igura t ion   wi th  6 = l o o  and 
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61e = 20°, 30°,  and 400. As shown i n   f i g u r e  16 a t  t h e   r e p r e s e n t a t i v e   c l i m b   l i f t  
coe f f i c i en t   o f  0.4, 6 ,e = 30 O r e s u l t s   i n   s l i g h t l y  smaller values  of  untrimmed 
d rag   t han   e i the r  6 ,~ = 20° o r  40°. Furthermore, t h e   l o n g i t u d i n a l   s t a b i l i t y  
c h a r a c t e r i s t i c s  (as lnd ica t ed  by the  onset  of  pitch-up) of the   conf igura t ion   wi th  
6,e = 30° are equal  t o  or be t t e r   t han   t hose   ach ieved   w i th   e i the r  6 = 20° or 400. 
Consequently,  of  the  variables  considered, it appea r s   t ha t  6,, = 30ie and 6, = loo 
r e s u l t s   i n   t h e   b e s t  untrimmed  aerodynamic  performance. 

Figure 17 presents  corresponding pressure da ta   fo r   t he   va r ious   de f l ec t ed  
leading-edge  conditions  discussed  in  the  preceding  paragraph. These d a t a   i l l u s t r a t e  
t h e   e f f e c t  of increasing  leading-edge  deflection. The da ta   subs t an t i a t e   t he  state- 
ment  of reference 5 which ind ica t ed   t ha t   w i th  &jle = 30°,   the   inboard  port ion of t h e  
lead ing  edge is  overdeflected.  For example, over  the  angle-of-attack  range  for which 
data are presented, it can be seen   tha t  = 200 is e f f e c t i v e   i n   i n h i b i t i n g  sepa- 
r a t i o n  a t  the  innermost  semispan  station (i.e.,  y/(b/2) = 0.174). It should be 
noted  that  a segmented  leading-edge  system would permit reduced  deflections a t  
inboard  s ta t ions;  however, such a system would also introduce  surface  discont inu-  
ities. Segmented leading-edge  systems  have  been  considered in   previous  invest iga-  
t i o n s   ( s e e   r e f s .  5 and 7), and  the   resu l t s  showed tha t   t he   d rag   pena l ty   a s soc ia t ed  
wi th   the   sur face   d i scont inui t ies  overshadowed t h e   b e n e f i c i a l   e f f e c t  of reducing   the  
inboard  leading-edge  deflection. 

Of p a r t i c u l a r   i n t e r e s t  is  the   p re s su re   da t a   fo r  semispan s t a t i o n  
y/(b/2) = 0.654 which is located  just   forward of t he  wing leading-edge  crank.  (See 
f i g .  2 . )  As can  be  seen  from the   da t a   fo r  a > 6.6O, t h i s  semispan s t a t ion   expe r i -  
ences   f low  separat ion  for   a l l   leading-edge  def lect ions  considered.  As mentioned 
previously,   the  f luid  mechanical phenomenon r e spons ib l e   fo r   t h i s   s epa ra t ion  is not  
understood; however, it is bel ieved t o  be r e l a t e d  t o  the  inboard wing leading-edge 
crank. As noted in   r e f e rence  16, el iminat ion of t h i s  wing-planform discont inui ty  may 
a l l e v i a t e   t h i s   s e p a r a t i o n  problem  and  thereby  provide  substantially  improved  aerody- 
namic performance. 

SPOILER EFFECTIVENESS 

Recent a n a l y t i c a l   s t u d i e s  (see re f .  17) have ind ica ted   po ten t ia l   benef i t s   o f  
steeper approach  angles. The implementation of steeper  approach  angles, of course,  
depends on t h e   a b i l i t y  t o  generate  increased  drag  (e.g. ,   with  the  use of s p o i l e r s )  
with minimum changes i n   l i f t  and p i t ch ing  moment.  Most prev ious   inves t iga t ions  of 
spoi le rs   (e .g . ,   re f .  8) have  been l imi ted  t o  spoiler  elements  located  just   forward  of 
t he   t r a i l i ng -edge   f l ap  segments.  Analysis  of  the  data from these   i nves t iga t ions  
r evea l s   t ha t   spo i l e r  deployment a t   t h i s   l o c a t i o n  would r e s u l t   i n   l a r g e  changes i n  
l i f t  and p i t ch ing  moment and  thereby  render  such  devices  inappropriate  for  glide-path 
control .  

The p resen t   i nves t iga t ion  w a s  conducted  with  individual  spoiler  elements si, 
s2,  s3, and s4, as d e p i c t e d   i n   f i g u r e  3. The wing leading  edge w a s  de f l ec t ed  30° 
and tests were conducted  for   t ra i l ing-edge  f lap  (segments  tl and t3) def l ec t ions  
of 6 = loo and 30°.  Inasmuch as t h e   r e s u l t s  w e r e  similar f o r   b o t h   t r a i l i n g - e d g e  
f lap   se f lec t ions   cons idered ,   the   fo l lowing   d i scuss ion  i s  l i m i t e d  t o  t h e  6 = 30° 
condi t ion.   lnformation  for   the 6, = 10 O condi t ion i s  c o n t a i n e d   i n   t h e   t a b u l a t e d  
data .  

f 

Figure 18 compares the   longi tudina l   aerodynamic   charac te r i s t ics   for   the   conf igu-  
ra t ion  with  and  without   spoi ler   e lements  sl, s2,  s3, and s4 i nd iv idua l ly  
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deployed. As expected,  deflection of spoi ler   e lements  s ,  or s3, l o c a t e d   j u s t  
ahead  of  the  trazling-edge  flap segments, r e s u l t s   i n  a loss i n  l i f t  and a change i n  
p i t ch ing  moment. Addit ional ly ,   def lect ing  spoi ler   segment  s2 ( loca t ed  between t h e  
f l a p  segments) results i n  an e f f e c t  similar, but  reduced, t o   t h a t  of de f l ec t ing  
e i t h e r  s1 o r  s3. Apparently,  the  aerodynamic  interference  produced by de f l ec t ion  
of element s2 is s u f f i c i e n t  t o  spo i l   t he   f l ow  pa r t i a l ly   ove r   f l ap  segments t l  
and t3. (See f ig .   3 . )  Most importantly,  however,  deployment of s p o i l e r  
segment s+, located just   outboard of f l a p  segment t3, r e s u l t s   i n  a s u b s t a n t i a l  
increment I n  drag  with  only a minimal  change i n   t h e   l i f t  and  pi tching moment. (See 
f igure  18(  d)  . ) Hence, s p o i l e r  segment s4 appears  to  produce  the  desired  aerody- 
namic q u a l i t i e s   t h a t  would permit  steeper  approach  angles t o  be  achieved  with minimum 
trim change. 

SUMMARY OF RESULTS 

An i nves t iga t ion  w a s  conducted t o  examine the  wing f low  f i e ld  and the   de t a i l ed  
e f f ec t s   o f  wing  leading-edge d e f l e c t i o n   f o r  a highly  swept arrow-wing configuration. 
Limited tests were also conducted t o  determine  the  effects  of s p o i l e r  deployment a t  
var ious wing loca t ions .  The resu l t s  may be  summarized as  follows: 

1. Vortex  separation is f i r s t  observed on the  outboard wing panel,  and p l a i n  
separa t ion  is  f i r s t  observed a t  a nondimensional  semispan s t a t i o n  of 0.654 f o r   t h e  
configuration  with  undeflected  leading  edges  and  for  angles  of  attack a a s  low 
as 3O. Vortex  separation  occurs  at  wing s t a t i o n s  more inboard  for   angles  of a t t ack  
on the  order  of 7 O ,  and  these  vort ices  move inboard  and  forward  with  increasing  angle 
of  at tack. 

2. De f l ec t ing   t he   en t i r e  wing leading  edge  to  30° is  e f f ec t ive   i n   de l ay ing   t he  
onset  of f low  separa t ion   to  a > 8 O .  However, t he  data show tha t   the   inboard   por t ion  
of  the  leading  edge is overdef lec ted   for   th i s   condi t ion .  

3. Deflec t ing   the   t ra i l ing-edge   f laps   resu l t s   in   an   increase   in   the   l ead ing-edge  
upwash flow f i e l d  on the   po r t ion  of t h e  wing outboard  of   the  t ra i l ing-edge  f lap 
system. 

4. Spoilers  located  ahead of t he   t r a i l i ng -edge   f l ap  system produce s u b s t a n t i a l  
r e d u c t i o n s   i n   l i f t  and pos i t ive   increments   in   p i tch ing  moment which accompany t h e  
increase   in   d rag .  However, a spoiler located  outboard of the   t ra i l ing-edge   f lap   sys-  
tem was ef fec t ive   in   p roducing   equiva len t   increases   in   d rag   wi th   on ly  a minimal 
e f f e c t  on l i f t  and p i t ch ing  moment. 

Langley  Research  Center 
National  Aeronautics  and  Space  Administration 
Hampton, VA 23665 
Ju ly  12,  1983 
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APPENDIX 

WIND-TUNNEL T E S T   S C H E D W  AND DATA TABULATION 

A s  an aid to  the reader, the  appendix  provides  the wind-tunnel test  schedule and 
tabulated  longitudinal  aerodynamic data. 

TABLE AI . -   TEST PROGRAM 

1 
46 
57 
58 
61 
62 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
94 
95 
96 
97 
98 
99 
100 
101 

0 
30 

1 
40 
20 
30 

7 

0 
20 
0 

40 
10 
30 
10 

f 
30 

1 

0 

T 
60 
90 

0 

v 
60 
90 
0 

I 

0 

r 
60 
90 
0 
0 
60 
90 
0 

1 
60 
90 
0 
0 

0 

V 
60 
90 
0 

T 
60 
90 
0 

0 

V 
60 
90 
60 
90 
0 

I 
60 
90 

1 1  



RUN 1 

I L P H I  

-7.21 
-5.16 
-3.12 
-1.11 

2.96 
.I? 

5.95 
6 - 9 9  

11.04 
9.05 

13.10 

17.08 
15.09 

PUN 57 

I L P H A  

-7 .57 
-6.52 
- 5 . 5 9  
-4.62 
- 3 . 5 9  

APPENDIX 

TABLE: A I 1  .- TABULATED  DATA 

C L  C O  C l b  

-.2035 
- .2980 .0531 -.0239 

-.1108 
.0242 -so117 

-.035b 
-0133 -.0072 

-0368 
.PO95 -.0040 
-0096 -.000¶ 

-1156 
.2032 

-0133 -0027  

.2988 
.0229 .OObb 

-3961 
.0401 .0145 
.Ob46 

.4947 
.0264 

.5981 
.0956 
. I358  

.0395 

.698I 
e0569 

.no02 .E378 
.I825 

.0995 

.0775 

C L  

- . 3 5 8 V  
- .PLIES 
- .2bb3 
-.2137 
-e1776 
- .1399 
- .0956 
-.0385 
- .0002 

. 0 5 5 8  

.0783 

-.0019 
.I191 

e0807 
. I546  
.1955 
. 2 2 9 b  
. I 5 9 5  

.343¶ 

.3032 

- 3 E 6 8  
.5357 
.4166 
- 5 b 2 3  
.5819 

C O  

.0725 

.0481 
.,a559 

.0380 

.0302 

.024b 

.0190 

.01ZV 
.0148 

.0119 

.0127 

.0118 

CIM 

-e0527 
-.0551 

-.0391 
- .0327 
-.OZLO 
-.OtOk 
-.0159 
- .OO94  
-.0082 
-.0061 

-.0011 
-.OO42 

- .0081 
- .0040 
- .0004 

.OOZb 

.0051 
- 0 0 5 9  
.0085 
.0109 
.0129 
.01b8 
.0198 
. O Z 6 1  
.0320 

PUN 61 

I L  P H I  C L  CO CSU 

- .Z682 
-.2235 
-.1912 
-.I313 
- . I019  

- .0129 
- . 0 5 8 b  

.0345 

.OE% 

. I014  

“0794 
-.Ob85 
-.Ob38 

-.0521 
- . m e 9  

-.O36‘ 
- .0321 
-.O215 
- . O 2 5 P  

-.OZOZ 
-.0239 

-.0182 
- . O l b l  
-.011b 
-.0120 
- .0099 
-.0013 
-.0057 
-.0035 
.0003 
.0043 
.0086 
.0178 

-7 .64 
-6.69 
-5.71 
- 4 .  54 
-3 .57 
-2.61 
- 1 . 5 3  
-a 60 

. 5 8  

- .2714 
-.2315 
- .I198 -. 1 528 
- e l l 2 3  

-.0111 
-.Ob8? 

.0074 

.Ob42 

.I438 

.I125 

.1715 

.2162 

.2565 

. I921 

.33?8 

.36?2 

.4054 

.1459 

.*eo0 
-5271 

.61?9 

.56vn 

- .OB65 

-.Ob91 
- .0777 

- . 0 5 9 b  
-a0533 
-.Ob42 
-.036O 

-.0297 
-.0351 

-.0271 
-.0250 
- .O224  
-.0197 

-.0151 
-.0175 

-.012¶ 
- .0107 
-.OPE3 
-so053 
-.0033 

.0014 

.OD59  

.0088 

DUN 16 

I L l H I  

-3.57 
-2.60 
-1.Y8 

- . I8  
-4b 
1.62 
2.62 
3.60 
4-57  
5.58 
6 .70  
7.59 

9.70 
8.70 

10.)’) 
11 .67  
12.64 
13.72 
14.75 

PUN 62 

I L P H I  

-7.57 
-6.53 
-5 .58 

- 3 . 4 6  
-4 .55  

-2.43 
-1.50 

RUM b8 

I L I H I  

-7 .15 
-6 .65 
-5.Y8 
- 4 . 4 3  
- 3 . 4 5  
-2 .51 
- 1 . 5 5  

-.55 . 4? 

c o  

.0270 
-0300 

.0251 

.021? 

.OL23 
-0231 
.O248 

-0311  
.02?8 

-0360 
.Ob23 
-0479  
.05?6 
-0679  
..08lZ 
. O W 8  
.1114 
.1361 
.I568 

c o  

.0?71 

.0?23 
-0657  
.Ob19 
.0573 
.OW7 
-0535 
. 0 ¶ 4 1  
.0557 
.0578 
.Ob10  
.Ob53 
.0706 
-0760  
.On35 
.O832 
. 0913  
.I020 
. I143  
.127V 
.1436 
-1629  
. I 8 5 6  

CO 

.Ob17 

.055? 

.0496 

.0455 

.0397 

.03?7 

.0364 

.0350 

. 0 3 ¶ 7  

.0396 
e0368 

e0430 
.0485 
e 0 5 3 1  

. Ob78 

.0598 

-0697 
.0896 
.I031 
. l Z l O  

. I 5 8 3  
-1390 

. I 8 4 6  

c o  

.OS32 

.Ob52 

. 0 3 5 V  

.O261 
-0217  
.0167 
.0143 

.0121 
e 0 1 3 0  

-0131  

-0113 
. 01 52 

.0206 

.0307 

.0250 

-0391  
.0484 
.O593 
.07b4 
. O W 0  
. I121  
.1332 
-1506  

c*n 

-.056b 

-.0592 
-.0531 

-.0w3 

-.037b 
-.052Z 

- .Dl51 
-.a333 
-.0304 
-.0273 
-.027? 
-.O258 

-.O238 
-.025S 

-.019b 
-e0170 

- .0054 
-.0119 

.001? 

C l b  

-.I185 
- .I119 

-.0870 
-.09Y3 

-.07V3 
- .0744 
-.Ob95 
-.Ob58 

-.0594 
-.Ob29 

-.OSLO 
-.OS46 
- e 0 5 3 1  

-.O5I5 
-.051b 

-.0506 
- .0507 
- .0506 
- .05?5 
- .0411 
-a0360 
-.O297 
-.OL22 

CPW 

- . l o81  
- . I027  
-a0827 
-so782 
- .0698 
-.Ob66 
- .Ob29 
- .0¶97 
- .0550 
- .0514 
-.Ob93 
- .0463 
-.044Q 
- a 0 6 3 4  

- a 0 4 1 6  
-.Ob23 

“0375 
- . 0 3 8 b  
-.0346 
-.0294 

- .0207 
-a0252 

-.0105 

c pn 

-.Ob81 
-a0625 
-.0527 
- . O k l V  
-.0363 
-.0302 
-.O26O 

-.0223 
-.OZb2 

-.O204 
-.0185 
- . O l b l  

-.0121 
- a 0 1 4 3  

- .0103 
-.0097 
-.OO65 
-.OO4b 

.p002 

.DO% 

.0115 
-0183  
.023? 

12 



APPENDIX 

TABLE: A I I "  Continued 

I U I  69 

I L I H A  

-7.bl 
-b.51 
-5 .3k  

-3.57 
-k.5k 

-2.52 
-1.55 

-mYk 
.52 

1.50 
2.k) 
3.32 
5 - 5 3  
5.bk 
bey3 
7.5k 

9.b7 
1.53 

10.72 
11.7b 
12.77 

1k.77 
13.79 

nun 71 

I L P H b  

-b.bb 
-7.51 

-k.b8 
-5.Yk 

-3.51 
-2 .53 
-1.50 
-.51 

1.kb 
.*7 

2.k7 
3.53 
k.5k 

b.53 
5.52 

7.57 
(1.57 

10.70 
9 .  b1 

11.b7 
12.7b 
13.b3 
1k.b7 

RUN 73 

A L P H A  

-7.bk 
-b.SP 
-5.bb 
-k.b7 
-3 .51  

-1.5b 
-2.bO 

-.k7 . k 2  
2.bY 
1.5b 

3.52 
k.59 
5.k5 
b.b7 
7.b2 

9 . 5 2  
8.Y9 

10.70 
11.72 
12.bI 
13.bb 
1k.70 

w n  75 

A L P H I  

-1.56 
-1.59 

2.52 
. '7 

k.*1 
b.51 
8.5k 

10.53 
12.51 
1k.b9 

C L  

-.3112 
-.2b81 
-.19bl 

-.1311 
-.102k 
-.0725 
-.OZkk 

.Ole3 
-06% 

-1307 
.lo11 

.21kb 

.I b97 

.I271 

.2b93 
-3107 
-3b31 
.3910 . kk20 
.k911 
-5bOl 
.b129 

-.1vzn 

C L  

-.2512 
-e2193 
-.185b 
-.132* 

-.Ob11 
-.IO08 

-a0172 
.0092 
.0725 
.097k 
.13b5 
-173k 
.2051 
a2177 
.28k9 
.3227 
.3Y75 
.)PI0 
mb5kO 
.k8Pb 
.Y57k 
.)a29 
.b382 

C L  

-.22*3 
"2171 

-el171 
-.15k8 
-.1137 
-.0750 
-.02kk 
.OObl 
.0512 
-087b 
-1307 
-1b15 
.1922 
.22bk 
. 259O 
.2925 

.3795 
A k Y 1  

. k Z P Y  

. ) I 5 8  

.b707 

. )CY0 
eb3kb 

C L  

- .0955 
-.0107 
-0692 
-1350 
-201k 
.2791 

a k k 3 8  
.35% 

.5113 
Sbblb 

c o  

-077b 
.Ob3b 
.Ok98 
.Okbl 
.0377 
.0321 
-027b 
-0239 
.OZZl 
.021k 
.02lb 
.0221 
.02k8 
.0212 
.0312 
.03Y0 
.OkZY 
-0513 
.Ob13 
.07Y0 

.1129 

.0918 

-1330 

c o  

.Ob10 
-0570 

.0385 

.0k10 

.028k 
-0331 

.O2k2 

.O227 

. O Z O P  

.OZlb 

.O221 
-0237 

.O299 
-0271 

-03k5 
.0k03 
.Ok57 
.O5k2 
.Ob83 
.0801 
.lo25 
.11b9 
.I397 

CD 

a0708 
.OSPY 
.0511 
-0kk0 
.03b7 
-0311 
-0271 
.OZk5 
-0230 
.0232 
.023b 
. 0 2 w  

. 0 3 0 k  

.0271 

.0317 

. 0 3 k 8  

-0111 
.0538 
-0bb9 
.0800 

.1122 

.OPkb 

-13b1 

c o  
.03bO 
.0251 
.0227 
.O23b 
- 0 2 8 3  
-03b7 
.Ok82 
.Ob79 
.0985 
~ 1 3 1 2  

C P I  

-.07Y1 
-.Obb8 
-.0k95 
-.Ob97 
- .0392 
-.0321 
-.0292 
-.OW1 
- e 0 2 0 5  
-.ole1 
-.01bk 
-.0137 

-.00b9 
-.0111 

-.OObb 
- . 0 0 k 0  
-.0007 
.0001 
.0033 
.OObO 
.0091 
.0112 
.02bk 

CII 

-.0885 
-.0777 
-.0710 
-.O5b2 

-.OklY 
-.Obb3 

-.03b3 
"0333 
-.0270 
- e 0 2 5 8  
- . O 2 2 P  
-.021k 

-.015b 
-.O119 

-.01k0 
-.0108 
-.009b 
- .0080 
-.00kk 
-.0031 

, 0 0 2 0  
.OOkk 
. 0 0 9 k  

c p n  

-.om50 
-.07k3 
-.Ob39 
-.O5bO 
-.Ok77 
-.0k01 
-.03k1 
-.0321 
-.0293 
-.O2k5 
-.0231 
-.0207 

-.01Y9 
-a0179 

-.01kY 
-.0119 

-so053 
- . 0 0 9 k  

-.0029 
-.0001 
.OO2b 
.0077 
.OlbP 

crn 

-.0k7k 
"0315 
- .0258 
-.O208 
-e0171 
-.0121 
-.007k 
-.OO3b 
.0031 
.011b 

mun 70 

b L I H I  

-7.5) 
-b.b2 
- ) . I9 
-k.Yb 
- 3 . W  
- 2 . w  
-1.Y5 
-.5b 

.52 

2.50 
1.50 

3.52 
5. k8 

b.kV 
5.Yb 

7.bl 

9.51 
1.bO 

10.53 
Il.b7 
12.bO 
13.57 
1b.7) 

I U H  72 

A L P H I  

-7.kb 
-b.bk 
-5.b5 
-6 .19 

-2.Yb 
-3.55 

-1.50 
- .53 
.kb 

I.kk 
2.51 
3.b7 
b m 5 k  

bmbk 
5.k1 

7.b1 
8.bl 
9.59 

10.b3 
11.70 
12.73 
13.72 
lk.77 

I U N  7k 

A I P U A  

-3 .51 
-1.52 

k0 
2.k7 
b.Yl 
b.b3 

10.55 
1.59 

12.5b 
1*.55 

.UII 7b 

A L I H L  

-3.59 
-1.52 

2. k9 
.I1 

b.65 
b-bk 

10.b1 
neb8 

12.bb 
1k.10 

C L  

-.Job9 
-.2703 

-.lab? 
- a 2 2 4 0  

-.I317 
-.I203 
-.Ob03 
-.015b 
.0211 
-0635 
-1006 
alkbl 
-1b92 
.2012 
-23bb 
e2719 

-3k71 
- 3 l b 8  

-1711 
.kk2b 
mk7b2 
.5391 
. Y I P 8  

C L  

-e2311 
-.211Y 
-.1b93 
-.lk52 
-.101b 
-.Ob13 
-.0075 
.01kb 
.Ob25 
.OPk7 
.132b 
.1b72 
-21b1 
.2372 
.2791 
"3181 
m3511 
e3151 
mk3b8 
.YO22 
-5kYk 
.LO27 
.by59 

C L  

-.lob2 
-e0315 

. 0 5 3 3  

.132b 

.19b8 

.2?09 
- 3 k 2 3  
a k 0 2 0  
. Y O 9 0  
.bZlk 

C O  

-0777 
-0177 
.05b3 
-0k11 
-0101 
.03b0 

.02b1 

.0291 

.02k0 
-0211  
-0219 
.02Yb 
-0115 
-030b 

-0185 
. 0 3 3 k  

- 0 k k 1  
. 0 Y Z Y  
.0b05 
-0762 
.0m91 
.1090 
.129k 

C O  

.0bk3 
-0577 
.0k12 
.0k23 
. 0 3 5 k  
.030b 
.025b 
.02k2 
.0231 
. 0 2 3 k  
- 0 2 3 9  
.OZbO 
.0287 
.0321 
.03b7 
.OklO 
.0k7b 

05 b3 
.0b75 
.01k9 
.1019 
.1252 
e1k91 

c o  

.0311 

.0292 

.02k8 

.025k 

.0297 
e0371 
.0k15 
.Obkb 
.0952 
-1151 

c o  

crm 

-.0715 
-.0710 
-.ObZY 
-.0Y50 
- .0k35 
-.Ob01 

-.02b* 
"0113 

-.0237 
-.0215 
-.0117 
-.01bZ 
-.01kb 
-.011y 
-.0092 
-.OObO 
-.002* 
-.0007 
-.OOOO 

.0d39 
~ 0 0 7 1  
-01kk 
.0210 

c rm 

-.0877 
-.Dl31 
-.O7OP 
-.Ob21 
-.0501 
- .0k31 

- . 0 3 k 2  
-.03b0 

-.030b 
-.0283 
-.O2k3 
-.O231 

-e0187 
-a0197 

-sol¶) 
-.0121 
-.009b 
-.001b 
-.OObO 
-.OOkb -. 0009 
.001k 
.0110 

crn 

-.Ok17 
-e0379 
-e0295 
-.02k8 
-.O203 
"01 kb 
-.O090 
-.OO27 

.Olkl 
e0017 

c P I  

-a0533 
-.03k7 
-.0272 
-.022b 
-.017V 
-.013b 
-.0011 
-so057 

-00% 
.OZOO 

13 



APPENDIX 

TABLE A I  I .  - Concluded 

D U N  7 7  

1 L I H A  

-3.51 
-1 .55  

e k 5  
2 . W  
k . 5 9  
b.b7 

10.59 
8.59 

12.57 
Ik .bl  

RUM P k  

ALPHA 

-3.b7 
-1. k 3  

.k9 
2.bk 

6 - 6 1  
k.62 

10. tb  
8.53 

12.59 
1 k . 5 0  

RUN 96 

ALPHA 

-3 .53  
-1.50 

- 4 9  
2 . 5 9  
k e k 1  
6.54 

10.b1 
8 . 5 5  

12.71 
Ik.bS 

null 98 

ALPHA 

-3 .  b5 
- 1 . k P  . k 0  

2.5b 
4 . 5 0  
6.b) 

10.b3 
12.90 
1 k . 7 0  

8.55 

DUN 100 

. L P H I  

-3.61 
-1 .58  

.50 
2.59 
b.59 
b.t' 

10.67 
8 . h )  

1L.bl 
1 7 . 6 ~  

C PM 

- . O M 9  
- s o 3 2 9  
- . 0 2 8 k  
- . 0 2 2 2  

-.0120 
-.0180 

-.OObb 
- .0003 

-0017 
. 0 1 k 9  

C PM 

-.Ob21 
-.Okkb 
-.OkOt 

-.0295 
-.0257 
- .O229  
-.01rk 
-.0110 

. 0 0 k k  

-.033r 

CPM 

- . o n 2  
-.Ob25 
- . 0 5 3 k  
-.0kb0 
-.01Z0 
-.03b2 

-.0301 
" 0 3 3 7  

-.0210 
-.00b0 

c p n  

- . o r 2 0  
- .OWL 
- . 0 5 3 2  
- .Okk+  
- e 0 3 9 5  

-.0327 
-.03kb 

-.0265 
-.0153 
- .0039 

c p n  

-.or77 

- . 0 5 n t  
-.Ob3b 

-.Ok97 
-.Ob37 
- . O k O 1  

- .0350 
- ,03hb 

-.0115 
- . 0 2 r 0  

C P I I  

-.041k 
"0333 
-.O3Ob 
-.OZ5k 

-.0139 
-.OObP 

.0001 

.p021 

-.a210 

. o l n  

CPM 

-.Ob25 
-.OkPO 
-.0k27 

-.0339 
-.0357 

-e0306 
-.O271 

-.0191 
-.O2k8 

-.0121 
.00k0 

C I M  

-.0754 
-.Ob19 
- . 0 5 k 3  
-.Ok79 
- . 0 k 2 5  

- . 0 3 k 5  
-.0312 
- .0231 
- . O l O k  

-.03r8 

CPM 

-.0711 
-.Ob24 
-.0530 
-.0kb7 

- . 0 3 5 k  
- .OkOk 

- a 0 3 3 9  
- . 0 2 k 3  
-.0195 
-.0107 
-a0037 

CPM 

- . o m  
-.Ob63 

-.0516 
- .0585 

-.OIL5 
- . 0 k 1 5  

- . 0 3 * 9  
-e0380 

- . O 2 5 8  

14 
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TABLE 1.- GEOMETRIC  CHARACTERISTICS OF MODEL 

Wing: 
Aspect ra t io  ........................................................... 1.904 
Reference area. m2 (ft2) ....................................... 0.834 (8.972) 
Gross area. m2 ( f t2)  ........................................... 0.919 (9.889) 
Span. m ( f t )  ................................................... 1.260 (4.133) 
Root chord. m ( f t )  ............................................. 1.674 (5.492) 
T i p  chord. m ( f t )  .............................................. 0.161 (0.529) 
Reference mean aerodynamic  chord. m ( f t )  ....................... 0.880 (2.887) 
Gross mean aerodynamic  chord. m ( f t )  ........................... 1.038 (3.406) 
Leading-edge sweep. deg: 

A t  body s t a t i o n  0.530 m (1.738 f t )  .................................... 74.0 
A t  body s t a t i o n  1.569 m (5.149 f t )  .................................... 70.5 
A t  body s t a t i o n  2.027 m (6.651 f t )  .................................... 60.0 

Vertical f i n   ( e a c h ) :  
Span. m ( f t )  ................................................... 0.107  (0.350) 
Root chord. m ( f t )  ............................................. 0.326 (1.069) 
Tip  chord. m ( f t )  .............................................. 0.048 (0.158) 
Leading-edge sweep. deg ................................................ 73.4 
Taper r a t io  ............................................................ 0.148 
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. . . . . . . . . . . . . .  . .. 

TABLE  11.-  COMPUTER  CARDS  FOR  NUMERICAL  MODEL OF CONFIGURATION 

(a) SI Units; a l l  dimensions are given  in  centimeters 

AST-200 LOU-PPEEO POOEL -03259 SCALE UNCAMBEREO I C O f I  (812/79) 
-1  -1  1  1  1  -1 20 28 1 19  30 2 20 2 10 1 10 

10. XAF 10 

63.965 3.130 0.000156.357 
58.471 1.575 0.000161.884 

71.742 5.380 0.000148.547 

0. 

1.3P8 
1.181 

0. 
1.181 
1.38P 
0. 
1.1R1 
1.388 
0. 
1.177 
1.384 
0. 
1.157 

0. 
1.363 

1.103 
1.294 

1.059 
1.208 
0. 
I .025 
].IS1 

n. 

0. 

1.069 
.987 

0. 

1.046 
.979 

0. 

1.035 
.990 

0. 
1.028 
1 s t 4 9  
0. 
1.059 

0. 
1.080 

1.090 
1.112 
0. 
1.14P 

0. 
1.171 

1.365 
,766 

0. 
-766 
1.365 
0. 

1.365 
,766 

0. 

1.365 
.766 

0. 

74.948 6.299 0.000145.306 
85.931 9 . 4 4 9  0.000134.259 

107.899  15.74P 0.000112~161 
96.914  12.598 0.000123.208 

126.324  21.031 0.000 93.624 

156.939 29.809 0.000 65.410 
140.851  25.197 0.000 80.239 

170.619 34.564 0.000 53.030 
179.913 37.795 0.000 46.586 
18P.976 40.945 0.000 40.307 

202.717 45.723 0.000 30.785 
202.717 45.720 0.000 30.785 

201.el7 46.355 0.000 30.249 
210.810 5 0 . 3 9 4  0.000 26.820 
221.722 56.693 0.000 21.476 
232.634 62.992 0.000 16.129 

.137 ,180 .242 
1.318 
1.213 

1.318 
.I37 

1.213 
.137 
1.318 
1.213 
-137 
1.315 
1.210 
.136 
1.292 
1.192 
.128 

1.132 
1.232 

,118 
1.182 
1.056 
.I10 
1.144 
1.006 

1.101 
.lo1 

.935 

1.092 
.loo 
.915 

1.105 
.lo2 

.906 

.111 
1.148 
.917 
.ll8 
1.1P1 
-955 

1.216 
,124 

.972 
-138 
1.282 
1.024 
.0069 
,961 
1.261 

e961 
,0019 

1.261 
.0069 
,961 
1.261 
.0069 

1.261 
.96l 

.0069 

1.419 
1.021 

1.419 
.180 

1.021 
,180 
1.419 
1.021 

1.416 
-179 

1 .ole 

1.391 
-178 

lr003 
-168 
1.326 

-160 
.9?3 

1.273 

.153 
1.231 

8 4 8  

, 8 8 9  

1.184 
elk5 

.788 
,144 
1.175 
e771 

1.189 
-146 

.763 
-1 54 
1.235 
.773 
.I60 
1 272 
a796 

1.309 
,166 

.e19 

1.3PO 
177 

.014k 
-862 

1.126 
1.126 
,0144 
1.126 
1.126 
,0144 
1.126 
1.126 
,0144 
1.126 
1.126 
,0144 

1.490 
,819 

1.490 
.242 

.a19 

.242 
1.490 
.a19 

1.487 
.241 

-817 

1.4tl 
.237 

.8C6 

1.392 
.225 

.216 
,765 

1.336 
,714 

1.293 
.208 

,681 

.zoo 
1.244 
.633 

1.234 
.198 

-619 
.201 
1.248 
-613 
.209 
1.297 
-621 

1.335 
.216 

.639 

1.375 
.222 

,658 

1.449 
.2B5 

-692 

1.261 
.0294 

.9tl 
,0294 
1.261 
-961 

1.261 
,0294 

.Pel 

.0294 
1.261 
-961 
.0294 

1.532 
.298 

.615 

1.532 
.298 

.298 

.615 

1.532 
-615 
-297 
1.528 
-614 
.291 
1.501 
-606 

1.430 
.277 

.576 
-266 
1.373 
.537 

1.328 
,257 

.512 

,247 
1.270 
.476 

1.268 
, 2 4 5  

.466 

. 2 4 R  

-461 
,258 
1.330 
.467 
.26t 
1.372 
.48I 
,274 
1.413 
.k95 
,289 
1.489 
,521 
,0440 
1.365 
,766 

1.365 
.0440 

,766 
no440 
1.365 
.766 

1.365 
.0440 

,766 
- 0 5 4 0  
1.365 

1.ze3 

1.0 

90. 
40. 

1.543 
.339 

.413 

.339 
1.543 
-413 

1.543 
.339 

-413 
.339 
1.539 
.412 
.333 
1.512 
.406 

1.441 
,316 

.383 

1.383 
-304 

-360 
,294 
1.338 
.343 

1.287 
,283 

,319 

1.277 
. 2 P O  

-312 
,284 
1.292 
.309 
-295 
1.342 
-313 
,304 
1.382 
,322 
,313 
1.423 

.330 
,331 

1.500 
,349 
,0590 
1.440 
.541 
-0590 
1.440 
,541 
,0590 
1.540 
,541 
-0590 
1.440 
,541 
,0590 
1.440 

1.5 

9 5 .  
45. 

,413 
1.543 
.212 
a413 
1.543 
.212 
,413 
1.543 
.212 
.412 
1.539 

-405  
.211 

1.512 
.208 
,386 
1.441 

370 
.197 

1.383 
-184 
.358 
1.338 
a175 

1.287 
.344 

~ 3 4 1  
a163 

1.277 
-159 
.345 
1.292 
a156 
.359 
1.342 
.lbO 

1.382 
370 

Q 164 

1.k23 
-381 

.169 

1.500 
,402 

.178 
,0884 
1 . 4 8 5  
,285 
,0884 
1.485 
,285 

1.485 
,0884 

-285 
.OB84 
1.485 
,285 
.0884 
1.485 

2.5 
40. 

100. 

-521 
1.543 
0. 
-521 
1.543 
0. 
-521 
1.543 
0. 

1.539 
-523 

0. 

1.512 
.414 

0. 

1.441 
,490 

0. 
470 

1.383 
0. 
. 4 5 4  
1.338 
0. 

1.287 
.438 

0. 
,435 
1.277 
0. 
,440 
1.292 
0. 

1.342 
.4Y7 

0. 
- 4 7 0  
1.382 
0. 

1.423 
0. 
m 510 

0 .  
1.500 

,1462 

0. 
1 500 

.1462 
1.500 
0. 

1.500 
a1462 

0. 
.l462 
1 500 
0. 

1.1100 
-1462 

.4es 

5.0 

-766 -961 1.126 1.261 ~~ 

1.365 1.261 1.126 -961 -766 ,541 ,285 0.  
0.000 9.934  19.868 2 9 . 8 0 2  39.736  49.670 59.604 69.535  79.469 

99.337109.271119.205129~139139~073149~007158~94116~~874178~808~ 

0.000 7.006  19.535  35.032  53.581  74.993  95.819106.671109.3351 
97.890  97.593 99.271101~639104~800108~~45113~677116~735117~6261 

1 9 P . 6 7 4 2 0 8 . 6 0 8 7 1 P . 5 4 2 2 2 ~ ~ 4 7 6  

55. 

,726 
1.543 

.726 
1.543 

.726 
1,543 

1.539 
.724 

-712 
1.512 

1.441 
a679 

1.383 
.651 

,631 
1.338 

-6C7 
1.287 

.602 
1.260 

-609 
1.247 

1.263 
.632 

1.300 
-651 

,670 
1.339 

1.411 
-706 

1.485 
,2853 

.2853 
1.485 

1.485 
.2853 

-2853 
1.485 

-2853 
1.485 

60. 

.996 
1.543 

.996 
1.543 

.996 
1.543 

.994 
1.539 

1.512 
.978 

1.437 
.931 

.e94 
1.341 

,866 
1.277 

,833 
1.186 

. a 2 7  
1.161 

1.149 
.836 

,868 
1.164 

1.198 
.e94 

1.234 
,920 

1.300 
,969 

1.450 
-541 

-541 
1.440 

-541 
1.440 

.541 
1.440 

.541 
1.440 

.88.740 
89.403 

.04.503 

.18.413 

X A F  20 

UORG 1 
XAF 28  

YORG 3 
UORG 2 

YORG 3A 
UORG 4 
YOPG 5 
UORG 6 
UORG 7 
YORG 8 
YORG 9 
YOPG 10 
YORG 11 
YORG 12 
YORG 13 
UOPG 14 

UORG 15). 
YORG 15 

YOPG 16 
UORG 17 
Y O R G  18 
YORO1.1 
YORO1.Z 
YOR01.3 
YOR02.1 
UOR02.2 
YOR02.3 
YOR03.1 
YOR03.2 
YORD3.3 
YORD3A.1 
YOP03A.2 
YORO3A.3 
YORD4.1 
UORD4.2 
YOP04.3 
YORO5.1 
YOR05.2 

YOROb.1 
UOP05.3 

YOROb.2 
YORO6.3 
YOR07.1 
YOR07.2 
YOR07.3 

YORO8.1 
Y O R 0 8 . 2  
UOR08.3 

Y O R D 9 . 2  
YORO9.1 

Y O R O 9 . 3  
YOPO10.1 
YOR010.2 

YOPD11.1 
YOR010.3 

UORO11.2 
YOR011~3 
UOR012m1 
YOR012.2 
YDRD12.3 .~ ~~~~. 
YOR013.1 
YOR013.2 
YOP013.3 
YORD14.1 

YOP014.3 
YOR014.2 

YOROl5.1 
YOR015.2 

YORO15A. 
YOP015.3 

Y O R D l 5 A .  
YORO15A. 
YORO16.1 
YORO16.2 
YOR016.3 
YOR017.1 
YORD17.2 
YOR017.3 
YOROl8~1 
UOR018.2 
YOR018.3 

XFUS 20 
XFUS 10 

XFUS 
A F U ~  10 
AFUS 20 
AFUS 
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TABLE 11. - Concluded 

U . S .  Customary Units; all dimensions  are  given  in  inches 

AST-200 L O U - S P E E D  NODEL -03259 S C A L E  UNC4WRFREO (COEI (8121791 

0. 

6 8 1 .  76?' 75:. 884. 83:. 

.125 .2. .5 .75 
-1  -1  1 1 1  -1 20 2 8  1 19 30 2 2 0  2 10 1 10 

20.858 0.000 0 .  65.908 

1.5 
9 P  

-413 
1.543 
.212 

1.543 
,413 

.212 

1.543 
-413 

.212 

1.539 
a412 

.211 

1.512 
.GO5 

.PO8 

1.441 
- 3 8 6  

-197 
370 

1.383 
,184 
,358 
1.338 
.174 

m344 
1.287 
-163 
-351 
1.277 
-159 
-345 
1.292 
-156 

1.342 
.359 

-160 
a370 
1.382 
,164 

2.5 

188: 

.521 
1.443 
0. 
,521 
1.543 
0. 

1.443 
.521 

0. 
.523 

0. 
1.539 

1.512 
.514 

0. 
, 4 9 0  
1.441 
0. 

1.383 
.4?0 

0. 
.455 
1.338 
0. 

, 4 3 8  
1.287 
0. 

1.277 
.435 

0. 
. 4 4 0  
1.292 
0. 

1.342 
.45? 

0. 
-470 

0. 
1.382 

, 4 8 5  
1.423 
0. 

1.500 
,510 

0. 
.14bZ 
1.500 

i.0 
9d?* 

.339 
1.543 
-413 

1.443 
.339 

-413 

1.543 
.339 

-413 
.339 
1.539 
-412 

1.512 
. 3 3 3  

.406 
,316 
1.441 
.385 

1.383 
- 3 0 4  

-360  
.204 
1.338 
.363 

l.ZE7 
-283 

-319 

1.277 
.280 

.312 
,284 
1.292 
-300 
-295 
1.362 
,313 

1.382 
a 3 0 4  

,322 
,313 
1.423 
,331 

1.500 
- 3 3 0  

,349 
.0590 
1.440 
-541 

1 -440  
,0590 

-541 
,0490 
1.440 
-541 

1.440 
.0590 

,541 
-0590 
1.440 
-541 

5.0 
55. 

10. 
60.  

1.543 
,996 

.99C 
1.543 

-996  
1.543 

1.539 
.994 

.978 
1.512 

1.437 
-931 

1.341 
.894 

-866  
1.277 

1.186 
,833 

1.161 
.827 

- 8 3 6  
1.149 

1.164 
-868 

.a94 
1.198 

.920 
1.234 

-969 
1.300 

1.450 
-541 

1.440 
,541 

-541 
1.440 

-541 
1.440 

-541 
1.440 

XAF 10 
P t E  I 8  
YORG 1 

23.020 -620 
25.183 1.240 
28.245 Z.11R 

0 .  63.734 YOUG 2 
Y O R G  3 
Y O R 6  31 
YOU6 4 
YORG 5 
Y O 1 6  6 
YORG 7 
YOQG 8 
Y O R G  9 

Y O R G  11 
YOPG 10 

Y O R G  12 
Y O P G  13 

Y O R G  15 
YOQG 14 

29.507 2.480 
33.831 3.720 
38.155 4.960 
42.480 6.200 
4 9 . 7 3 4  8.280 

61.787 11.736 
55.443 9.920 

70.P32 14.880 
67.173 13.608 

74.400 16.120 
79.P10 18.000 
79.810 18.001 
RO.243 18.250 
82.996 19.840 

01.588 2 4 . 8 0 0  
8 1 . 2 9 2  22.320 

0. 52.858 

0 .  54.158 
0.  48.507 

0. 31.590 
0.  36.860 

0 .  25.752 
0. 20.878 
0. 18.341 
0 .  15.869 
0. 12.120 
0 .  i2.120 

0. 10.559 
0 .  11.909 Y O R G  1% 

YORC 16 
YORG 17 0. 8.455 

0.  6.350 YORG 18 
YORO1.1 
YOROl.2 
YOR01.3 
YOR02.1 
YOR02.2  
YOR02.3 
YOR03.1 
Y O R 0 3 . 2  
YOR03 .3  
YORD34.1 
Y O R O 3 A . 2  
Y O R O 3 A . 3  

UOR04.2 
YORO4.1 

YOP04.3 

. i 3 i "  
1.318 
1.213 

.180 
1.419 
1.071 

1.419 
.le0 

1.021 

1.419 
. 1 AC 

1.021 
.179 
1.416 
1.018 

1.391 
.178 

1.003 
-168 
1.326 
,953 

1.273 
-160 

. 8 8 9  
-153 
1.231 
. 8 4 P  

l.lP4 
.145 

.7P8 
m 144 
1.175 
.7?1 
,146 
1 a 189 
.763 

1.735 
-154 

,773 
-160 
1.272 
-796 
-166 
1.309 
.e19 
-177 
1.380 
-862 
-0144 
1.126 
1.176 
.0144 
1.126 
1.126 
.0144 
1.126 
1.126 
- 0 1 4 4  

.242 
1.490 
.e19 
,242 
1.490 
.e19 
a 2 4 2  
1.490 
-819 

1.487 
-241 

-237 
-817 

1.461 
-806 
,225 
1.392 
.765 
-216 
1.336 
m714 

1.293 
m6P1 

.2oe 

1.244 
-200 

- 6 3 3  

1.734 
.198 

. z c 1  
-619 

1.248 
.613 
,209 
1.291 
-621 

1.335 
-216 

,639 

1.374 
.222 

. h 5 8  

1.449 
-235 

-692 
,0294 
1.261 
.vel 

1.261 
.0294 

-961 
-0294 
1.261 
"361 
.C294 
1.261 
-961 
.0294 
1.261 
-961 

,298 
1.532 
-615 
.PO@ 
1.532 
,615 
.298 
1.532 
ab15 

1.528 
-297 

,614 

1.501 
a291 

.LO6 
,277 
1.430 
-57 b 
-266 
1.373 

,257 
.437 

1.32R 
-512 

1.278 
-247 

, 4 7 6  

1.268 
-245 

.248 
,466 

1.283 
-461 

1.330 
a258 

.kb? 

1.372 
-266 

.481 

.274 
1.413 
.495 

1.489 
.289 

-521 
.OS40 
1.365 
-766 

1.364 
m0440 

-766 
-0440  
1.365 
-766 

1.365 
. O M 0  

m766 
-0440  
1.365 
-766  

-726 
1.543 

.I26 
1.543 

1.543 
-726 

1.539 
. 1 2 4  

1.512 
.712 

a 6 7 9  
1.441 

1.303 
,651 

1.338 
-631 

1.287 
-607 

1.260 
,602 

a 6 0 9  
1.247 

1.263 
a632 

1.300 
a651 

1.339 
. h70 
1.411 
-706 

1.485 
.?E53 

1.485 
-2853 

1.485 
-2853 

,2053 
1.485 

1.485 
-2853 

0. 
1.181 
1.38P 
0. 
1.181 
1.3Rl' 
0. 
1.lPl 

0 .  
1.3RR 

1.177 

0. 
1.384 

1.157 

0. 
1.363 

1.103 
1.294 
0. 
1.t50 

0. 
1 . 2 O R  

1.025 
1.151 

0. 
.987 

0. 
1.069 

1.046 
.979 

0. 

1.C35 
,990 

0. 

0. 
1.049 

1.059 
1.080 
0. 
1.090 

0 .  
1.112 

1.148 

0. 
1.171 

.?be 
1.365 
0. 
.766 
1.965 
0. 
.766 
1.365 
0. 

1.365 
.766 

C. 
. 7 tb  
1.365 

1.02~ 

a137 
1.318 
1.213 

1.318 
-137 

1.213 
A 3 7  
1.315 
1.210 

1.292 
-136 

1.192 

1.232 
.128 

1.132 
.118 
1.182 
1.056 
.110 
1.144 
1.006 

1.101 
.lo1 

.934 

1.092 
.lo0 

~ 9 1 5  
.lo2 
1.105 
.906 

1.148 
.111 

,911 

1.1P1 
.ll8 

.945 
-125 
1.216 
-972 

1.282 
-138 

1.024 
.OObP 

1.261 
,961 

.0069 
e961 
1.261 
a 0 0  69 
-961 
1.261 
.0069 
-961 
1.261 
e0069 

1.261 
-961 

UOR05.1 
YOR05.2 
YORD5.3 

". . ~. 

YORO6.1 

YOR07.2 
YORD?.B 

YORD8.1 
Y O R 0 8 . 2  
UOR08.3 
UORO9.1 
Y O R D 9 . 2  
Y O R O 9 . 3  
YORD10.1 
YOROlO.2 
YOR010.3 
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TABLE 111.- SUMMARY OF EXPERIMENTAL VORTEX CORE LOCATIONS 

-Values of a t  location of vortex  intersection 
with chordwise row located  along semispan s ta t ion - 

Values of y at   locat ion of 
vortex  intersection  with 

spanwise row located  along - 
5 = 0.731 5 = 0.98 

None 

0.95 None 

None 

, 

ar deg 
- 

5 = 0.472 y / t  = 0.170 

None 

y/: = 0.425 y/$  = 0.654 y / t  = 0.862 

None 
~~ 

0.225 

v 

~ 

None 

None 

0.94 

86 

86 

- 7 6  

.76 

76 

0.87 

2.96 

4.95 

6.99 

9.05 

11.04 

13.10 

15.09 

None None 

None Plain 
separation 

0.025 0.96 

* 78 

78 

78 

78 

- 62  

* 28 

0.04 -30 

- 04 - 36 

.06 -40 

07 .43 

TABLE 1V.- SPANWISE L E A D I N G E D G E  CHARACTERISTICS BASED ON 
INTERPRETATION OF PRESSURE DATA WITH 6 ,e = 300 

___ 

Leading-edge cha rac t e r i s t i c s   a t  semispan s ta t ion - 
y/: = 0.170 y / $  = 0.425 y/: = 0.654 y/$ = 0.862 

Over deflected 2.51 

4.55 

6.64 

8.59 

10.63 

12.71 

Over deflected 

Over deflected 

Over deflected Over deflected 

Attached Attached Attached 

Aligned Attached Attached 

Attached Separation  bubble 
a t  leading edge 

1 
Separated 
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Figure 1.- System of axes. 
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17.632) 

Figure 2.- Geometric  characteristics.  Dimensions  are  given  in  meters (feet) unless  otherwise  specified. 
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Figure 3.- Sketch of flaps and spoi le rs .  Dimensions are given in   cen t imeters   ( inches) .  



Figure 4.- Photograph of model i n  Langley 4- by 7-Meter Tunnel. 
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Figure 9.- Sketch of experimentally  determined vortex locations. Dashed portion of curve indicates 
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Figure 10.- Effect of leading-edge deflection on longitudinal aerodynamic characteristics of configuration. 
6, = 00. 
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Figure 13.- Effect of trailing-edge flap deflection. 6,, = 300. 
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